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h temperature 1100 degrees C burn-through resistant composite sandwich panel. 



© A composite sandwich panel structure having 
first and second honeycomb core layers and fire 
barrier membranes separating the honeycomb 
core layers as well as forming facing skins 
provides protection from burn-through after 15 
minutes of subjection to a 1093°C (2000T) front 
side flame impingement at 120 kW/m 2 (10.5 
btu/ft 2 sec) heat flux density, with a 43°C (110°F) 
average off-surface temperature 305 mm (12") 
off of the backside of the panel. The facing 
skins on the outside of the honeycomb core 
layers are preferably formed by a layer of ver- 
miculite film together with a layer phenolic 
prepreg. The center septum layer separating the 
first and second honeycomb core layers can be 
an inorganic fiber membrane, with a layer of 
phenolic prepreg on both sides thereof, and/or 
a layer of vermiculite film or other suitable 
materials providing a fire barrier. The hon- 
eycomb core layers are preferably made of a 
nylon paper honeycomb having a coating that 
itself forms a fire barrier, such as a coating of 
80-96% sodium silicate, 1-4% vermiculite HTS 
and 2-15% H 2 0 ba 
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The present invention relates to composite sandwich panels employing honeycomb cores, and in particular 
relates to such composite panels designed to be used in environments requiring fire or flame resistance, or 
fire protection. 

Standard low FST (Flame, Smoke and Toxicity) composite panel structures are normally made of phenolic 
5 prepreg skins on Nomex® honeycomb core. An example of this can be found in Applicant's own U.S. Patent 
No. 4,956,217. This patent provides a laminate structure that comprises a honeycomb core structure with fac- 
ing sheets bonded thereto, the core being treated with a silica impregnant/coating to impart improved flame 
resistance and to reduce heat transmission and toxic emissions upon exposure of the core to direct or indirect 
heat, flame and/or a pirolytic environment. The use of the honeycomb core combined with rigid skin panels 
10 forms a sandwich structure providing semi-structural strength. In addition, this patent provides a honeycomb 
composite structure that exhibits excellent heat and flame barrier properties, while still retaining adequate 
mechanical strength. 

U.S. Patent 4,251 ,579 to Lee et al. discloses an alternate fire protection panel, wherein the cells of a hon- 
eycomb core are filled with a fire-extinguishing fluid. Thus, any projectiles impacting and passing through the 

15 facing sheets would cause the fire-extinguishing fluid to be rapidly liberated to suppress or extinguish any fire 
caused by entry of the projectile. 

U.S. Patent 5,106,668 to Turner et al. provides a multi-layer honeycomb core structure having a plurality 
of core layers of different densities and thicknesses. The emphasis in this patent is the maintenance of a low 
mass density while providing good strength in resistance to compressive bending stresses and high resistance 

20 to damage from drops or other impacts, as well as resistance to water ingression. 

U.S. patent 4,937,125 to Sanmartin et al. provides another multi-layer core sandwich structure that is re- 
sistant to both impact and thermal aggressions. Asynthetic cellular material having a low thermal conductivity 
coefficient provides one layer, while another layer is made up of an off-the-shelf extruded polystyrene poly- 
vinylchloride, or polyethene plate. 

25 However, none of the above provides a composite sandwich panel that provides a 1 5 minute burn-through 

protection at 120 kW/m 2 (10.5 btu/ft 2 sec) heat flux density at 1093°C (2000°F). 

An initial object of the present invention is to provide a composite sandwich panel structure that provides 
1 093°C (1066°C ± 27°C) burn-through resistance. In particular, it is desired to provide a panel which provides 
15 minute burn-through protection at greater than 120 kW/m 2 (10.5 btu/ft 2 sec) heat flux density at 1093°C 

30 (2000°F). More particularly, it is an object of the present invention to provide a non-structural fire barrier com- 
posite sandwich panel of low FST value that provides 1093°C (2000°F) fire protection for use in fire contain- 
ment, personnel fire shelters, fire proof document containers, off-shore oil rig crew's quarters structures, fire- 
walls for engines and firemen's portable shields, among other applications. 

A composite sandwich panel structure according to the present invention is achieved by the provision of 

35 a plurality of honeycomb core layers and a plurality of fire barrier membranes disposed both between the hon- 
eycomb core layers as a septum and on the face of the honeycomb core layers as panel skins. More particu- 
larly, the present invention is achieved by the provision of a composite panel structure which has the properties 
of no burn-through after 15 minutes of subjection of a 1093°C (2000°F) front side flame impingement at at 
least 1 20 kW/m 2 heat flux density with a 43°C average off-surface temperature 305 mm (12") off of the back- 

40 side of the panel (average T after 1 5 minutes based on a number of tests). 

The fire barrier membrane, and in particular the septum, may comprise a layer of inorganic fiber mem- 
brane, or inorganic paper, or a layer of vermiculite film, or both a layer of inorganic fiber membrane and a layer 
of vermiculitefilm. 

Further, the septum layer of inorganic fiber membrane and/or vermiculite film preferably has a layer of phe- 
45 nolic prepreg on both sides thereof, adjacent the honeycomb core layers. Further, the layer of inorganic paper 
provided together with the layer of vermiculite film may also have a layer of phenolic prepreg therebetween. 

Preferably, the layer of vermiculite film comprises 30-1 00% vermiculite and 0-60% carrier, the carrier being 
a glass or quartz fabric or mat, or other low or non-flammable support. 

In a preferred version of the composite sandwich panel according to the present invention, there are two 
50 honeycomb core layers provided, with a center septum provided therebetween made of inorganic fiber mem- 
brane or paper. Further, the facing skins on the outsides of the honeycomb cores are preferably vermiculite 
film. The layer of phenolic prepreg is provided between each vermiculite film layer and the respective honey- 
comb core, and on both sides of the inorganic paper used as the center septum. 

Further, the honeycomb core layers preferably comprise a honeycomb core having a thickness of 6.35- 
55 25.4 mm, (0.25-1.00") with a 64, 96, 128, 160, or 192 kg/m 3 (4, 6, 8, 10, or 12 lb/ft 3 ) density. In the preferred 
version described above, both of the honeycomb core layers preferably have a 128 kg/m 3 (8 lb/ft 3 ) density and 
a thickness of 12.7 mm (1/2"). 

The invention with all its essentials will be explained in detail hereinafter reference being made to the only 



2 



EP 0 624 462 A1 



drawing Fig. 1 , which is a perspective view of a composite sandwich panel according to the present invention 
that is separated at one end. 

Fig. 1 illustrates the general arrangement of a composite sandwich panel 1 according to the present in- 
vention. Typically, two honeycomb core layers 2 and 3 will be provided, separated by a center septum 5. Facing 

5 skins 4 and 6 are provided on the front and rear surfaces, respectively, of the sandwich panel 1 . The center 
septum 5 and the facing skins 4 and 6 are, preferably, each fire barrier membranes. In addition, layers 7, 8, 9 
and 10 are preferably a prepreg, such as a low FST phenolic prepreg. Adhesive, however, may be substituted 
for the prepreg at the center septum 5, replacing layers 8 or 9. 

The fire barrier membranes to be used with the present invention can be made of a number of different 

10 materials, including both an inorganic fiber membrane, or inorganic paper, and a vermiculite film developed 
for this invention. 

Inorganic paper to be employed in the present invention can be used for either a facing skin or the septum 
in a thin layer, on the order of 0.254 mm to 0.889 mm (0.0T-0.035") thick. Inorganic fiber membrane compo- 
sitions may contain glass, fiber and flake, polyimide fiber, polyamide fiber, phenolic resin, melamine resin, mica 

15 of various types and grades, vermiculite mica, silicon carbide fiber, asbestos fiber, potassium titanate, soda 
ash, ammonium polyphosphate, aluminum trihydrate, polybenzamidazole, zinc borate, magnesium carbonate, 
magnesium hydroxide, red phosphorous, melamine phosphorous, zincstannate, zinc mydroxustannate, and/or 
sodium or potassium silicate. One inorganic paper that is preferred for the present invention is that made by 
Hollingsworth - Vose Company of E. Walpole, MA, part Nos. EX 1 00V (light weight) and EW 656 (heavy weight). 

20 EX 1 00V is 203 to 244 basis weight, and EW 656 is 570-732 basis weight (basis weight = kg/1 000 m 2 ). In British 
measurement units EX 100V is 125-150 basis weight, and EW 656 is 350-450 basis weight (basis weight = 
lbs/3000 ft 2 ). Other inorganic fiber membranes that may be suitable include Nextel®, a woven quartz-type ma- 
terial available from 3-M Company. 

The inorganic fiber membrane serves as afire barrier in the composite sandwich panel, and is, preferably, 

25 itself capable of preventing burn-through after 15 minutes subjection to a 1093°C flame front at 120 kW/m 2 
heat flux density. 

Another material contemplated for use as a fire barrier membrane, or a flame barrier, with the present in- 
vention is the above-mentioned vermiculite mica film. Vermiculite is chemically delaminated mica of a specific 
grade. It separates into individual flakes, which have an electrical affinity and form a layered film with over- 
30 lapping flakes of a high aspect ratio, up to 1 0,000 to 1 . The vermiculite film is both reflective and a fire barrier, 
and when used as a facing skin or surface barrier, is highly effective in preventing flame penetration into the 
core structure, and thus provides a highly heat reflecting surface facing. The preferred vermiculite film for the 
vermiculite mica film flame barrier according to the present invention is made as a water-based slurry, and 
has the following solid content components: 



35 



Formulation Component 



% of Component 



40 



Vermiculite - Hake, Dry or 
dispersion. High aspect ratio 500 
to 10,000 



30 to 100 



Carrier - Glass or Quartz mat of fabric 



0to60 



50 



Aminosilane coupling agent 



0to5 



Intumesing vermiculite dry 



0to50 



55 



Organic binder 



0tol5 
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The film thickness of the vermiculite mica film flame barrier will be 0.127 mm to 0.762 mm (0.005-0.030"). 

As noted above, the preferable material used between the facing skins 4 and 6 and the center septum, 
and the cores 2 and 3, is a layer of phenolic prepreg. A preferred formulation for the phenolic prepreg is Ciba 
7273-1 resin formula (Ciba-Geigy Corporation, Ardsley, NY), with the following formulation: 



Component of Phenolic Prepreg 


% of Component 


Phenol Formaldehyde resin 




30 to 70 


Flame retardant ammonium polyphosphate 




0to30 


Flame retardant aluminum trihydrate 




0to30 


Glass fabrics Hybrid, E or S glass woven unidirectional, satin, plain or leno weav 
16.9 to 407 g/m 2 (0.5-12.0 oz/yd 2 ) 


e, 


20 to 70 



Alternatives to the above-mentioned vermiculite f i Im and inorganic film membrane can, of course, be found 
for the fire barrier membranes. One such alternative, which could also be supplemental to the above-mentioned 
membranes, is a glass fabric faced silica or quartz fiber stitched fabric assembly ply. This material could be 
used either as a facing skin or as the center septum. One preferred type of such a material is known as Re- 

20 f ratex Tm , designated part no. BT 1 3092, available from Brochierof Lyon, France. An additional septum material 
may be an intumescent coated fiberglass fabric material, known as, and available from, "No-Fire" of Santa 
Ana, CA, and designated by part nos. 2025, 7781 or 16781. 

The preferred honeycomb core to be used with the present invention is known as Cibarrier®. This type of 
core corresponds generally to that disclosed in the above-discussed U.S. Patent No. 4,956,217, which is in- 

25 corporated herein by reference. This core generally comprises E-78 commercial Nomex® (nylon paper), or any 
other suitable honeycomb core material, with a coating that is 80-96% sodium silicate, 1-4% vermiculite HTS, 
and 2-15% H 2 0 base phenolic resin. Potassium silicate can be used as an alternative to sodium silicate. It is 
noted that the vermiculite acts to assist in resin distribution in the core dipping, reinforces the sodium silicate, 
and is in itself a fire barrier and is an impermeable film former to retard hydroscopy of the Cibarrier® coating, 

30 adding significantly to the flammability reduction of the core system. 

The core is preferably a 3.1 8 mm (1/8") cell honeycomb made of 0.051 mm (2-mil) Nomex®, but other cell 
configurations such as 4.76 mm (3/16") and 6.36 mm (1/4") cells may be used. Normal Nomex® paper thick- 
ness is 0.051 mm (2-mil), but 0.038 mm (1.5-mil) or 0.076 mm (3-mil) may be used. E-78 commercial core is 
generally preferred for cost purposes, because it is 38% cheaper than 412 aerospace grade. Further, the use 

35 of E-78 Nomex® in the Cibarrier® negates the only objection in aircraft applications. E-78 alone has an un- 
acceptable afterglow, but when used in Cibarrier® the element of afterglow is not relevant, because the core 
contributes virtually nothing to the burn, and the entire core structure is protected by the Cibarrier® coating. 
Therefore, E-78 0.051 mm (2-mil) Nomex® is generally preferred, but a core made of other material may also 
be used. 

40 The H 2 0 base phenolic resin used with the Cibarrier® system discussed above was selected for stability 

and compatibility. Other phenolic resins may potentially be substituted, however. In any case, the resin must 
be compatible with the sodium silicate, go into true solution and possess a mix life stability of appropriate time. 
The function of the H 2 0 phenolic resin is two-fold. First, the resin provides a modest amount of mechanical 
strength, and second, and primarily, it has the ability to be cured in the small quantity used. The resin acts 

4 5 as a resinous binder, curing the entire Cibarrier® solution, promoting adhesion to the core as well as cohesion 
of the vermiculite and sodium silicate into a homogeneous cured coating. The Cibarrier® cure temperature of 
138°C (280°F) maximum is sufficient in order to cure the H 2 0 phenolic and form a bound coating, while not 
significantly restricting the inherent intumescence of the sodium silicate at elevated temperatures. 

Preferably there are two Cibarrier® honeycomb core layers, 6.35-25.4 mm (0.25-1.00") thick, in 64, 96, 

so 128, 160 or 192 kg/m 3 (4, 6, 8, 10 or 12 lb/ft 3 ) density, and preferably with an 3.18 mm (1/8") cell size, as noted 
above. However, suitable variations can, of course, be made, depending on the particular application to which 
the composite sandwich panel is to be applied. 

Examples 

55 

Preferred examples of the construction of the composite sandwich panel according to the present invention 
will be described below. In describing the preferred examples, reference will be made to the preferred con- 
struction of an outside or exposed surface skin 11 , from surface to center, a first core layer 1 2, a center septum 
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assembly 13, a second core layer 14 and a bottom or backside surface skin 15, from core to back surface. 
Outside or Exposed Surface Skin 11 
5 (From Surface to Center) 





Type A 


1 


Layer Vermiculite Film/Glass 0.254 mm to 0.762 mm thick 








± 0.076 mm (0.010"-0.030" ± 0.003") 


10 




1 


Layer Phenolic/Glass 0.254 mm (0.010") Prepreg 




Type B 


1 


Layer Vermiculite Film/Glass 0.254 mm to 0.762 mm thick 


15 






± 0.076 mm (0.010"-0.030" ± 0.003") 






1 


Layer Phenolic/Glass 0.127 mm (0.005") Prepreg 






1 


Layer Inorganic paper 0.254 mm to 0.889 mm 


20 






± 0.051 mm (0.010"-0.035" ± 0.002") 






1 


Layer Phenolic/Glass 0.254 mm (0.010") Prepreg 


25 


TypeC 


1 


Layer Inorganic paper 0.254 mm to 0.889 mm 








± 0.051mm (0.010"-0.035" ± 0.002") 






1 


Layer Phenolic/Glass 0.254 mm (0.010") Prepreg 



Next - First core Layer 1 2, Cibarriei® core 6.27 mm to 25.4 mm (0.25"-1.00") thick in 64, 96, 128, 160 or 
192 kg/m3 (4, 6, 8, 10 or 12 Ib/fF) density, 3.18 mm (1/8") or 4.76 mm (3/16") cell. 
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Center Septum Assembly 





TypeD 


1 


Layer Phenolic/lightweight glass bond ply 0.127 rr 


m (0.005") 


5 




1 


Layer Inorganic paper 0.254-0.889 mm ± 0.051 m 


n(0.010"-0.035" 








± 0.002") 








1 


Layer Phenolic/lightweight glass bond ply 0.127 rr 


m (0.005") 




Type E 


1 


Layer Phenolic/lightweight glass bond ply 0.127 rr 


m (0.005") 






1 


Layer Vermiculite/Glass 0.254-0.762 mm ± 0.0762 mm 


15 






(0.010"-0.030"± 0.003") 








1 


Layer Phenolic/lightweight glass bond ply 0.127 mm (0.005") 


20 


Type F 


1 


Layer Phenolic/lightweight glass bond ply 0.127 rr 


m (0.005") 






1 


Layer Vermiculite/glass 0.254 mm to 0.762 mm ± 0.0762 mm 








(0.010"-0.030"± 0.003") 




25 




1 


Layer Phenolic/lightweight glass bond ply 0.127 mm (0.005") 






1 


Layer Inorganic paper 0.254 mm to 0.889 mm ± 0.051 mm 








(0.010"-0.035"± 0.002") 




30 




1 


Layer Phenolic/lightweight glass bond ply 0.127 rr 


m (0.005") 



Next-Second Core layer 14, Cibarrier® core 6.35 mm to 25.4 mm (0.25"-1.00") thick in 64, 96, 128, 160 
or 192 kg/m 3 (4, 6, 8, 10 or 12 lb/ft 3 ) density, 3.18 mm (1/8") or 4.76 mm (3/16") cell. 

35 Bottom or Backside Surface Skin 15 



(From Core to Back Surface) 

40 

Type G 1 Layer Phenolic/glass 0.254mm (0.010") 

1 Layer Verrniculite 0.254 mm to 0.762 mm + 0.0762 mm 

(0.010"-0.030" + 0.003") 

45 



50 



55 
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Type H 1 Layer Phenolic/glass 0.254 mm (0.010") 

1 Layer Refratex 0.254 mm + 0.0254 mm (0.010" + 0.0010") 

Type I 1 Layer Phenolic/glass 0.254 mm (0.010") 

1 Layer Inorganic paper 0.0254 mm to 0.889 mm + 0.05 1 mm 

(0.010"-0.035" ±0.002") 
1 Layer Phenolic/lightweight glass bond ply 0. 127 mm (0.005") 

1 Layer Vermiculite 0.254 mm to 0.762 mm + 0.0762 mm 

(0.010"-0.030"± 0.003") 



The above represents some of an almost endless number of possible combinations of elements in the con- 
struction of the composite sandwich panel according to the present invention. Improved performance is pos- 
sible by crushing a 12.7 mm (1/2") core to 6.35 mm (1/4") or 3.1 8 mm (1/8") thick as the first core layer, using 
different core densities altogether, altering the inorganic paper and vermiculite layers, etc. 
20 The most preferred construction for a 25.4 mm (1") composite sandwich panel providing 1093°C at 120 
kW/m 2 (1 0.5 btu/ft 2 sec) heat flux density protection according to the present invention is: 

1 . Top or exposed skin - Type A 

2. First core layer - 128kg/m 3 (8 lbs/ft 3 ), 12.7 mm (1/2") thick 

3. Center Septum - Type D 

25 4. Second core layer - 128 kg/m 3 (8 lbs/ft 3 ), 12.7 mm (1/2") thick 
5. Bottom or backside skin - Type G 

This construction combines adequate performance with the lowest cost to produce. 
Of course, the final construction of any composite sandwich panel will depend on its application and per- 
formance requirements in a particular environment. A distinct possibility is that a stronger structural construc- 

30 tion might be required, in which case the second 12.7 mm (1/2") of the sandwich might use two layers of phe- 
nolic/glass on both sides of the core, with the same associated elements of vermiculite and inorganic paper. 
This simply provides more structural glass skins on both sides of the bottom or backside half of the sandwich. 

The composite sandwich panel according to the present invention is a structure which can be contoured, 
and is unique in that the composite design can accommodate most any environmental demand relative to fire 

35 containment. Each of the components plays a synergistic part in the overall design and construction. One sig- 
nificant advantage is that all of the components are cure compatible, and each panel assembly is a one-shot 
single cure, regardless of the number or sequence of elements. 

Thus the present invention provides a composite sandwich panel suitable for 1093°C (2000°F) exposure. 
The primary elements discussed above are the vermicul ite film and the inorganic fiber membrane, or inorganic 

40 paper. However, there are, of course, other possible components which may help to accomplish the same ob- 
jective of making the composite sandwich panel resistant to burn-through up to 15 minutes at 1 093°C (2000°F) 
and 120 kW/m 2 (10.5 btu/ft 2 sec) heat flux density. Some of these components are a silica fiber mat, silica 
fiber woven fabric and other mica types which intumesce and can be combined with the vermiculite mica sol- 
utions or dry powder forms or films. 

45 Further modifications of the above composite sandwich panel will occur to those of ordinary skill in the 
art without departing from the scope of the present invention as defined by the appended claims, and, as such, 
should be considered a part of this invention. 



1 . A composite sandwich panel structure, comprising: 
first and second honeycomb core layers; 

a first fire barrier membrane disposed between said first and second honeyc mb core layers; and 
55 second and third fire barrier membranes disposed on outer sides of said first and second honeycomb core 

layers. 

2. The composite sandwich panel of claim 1, wherein said first fire barrier membrane comprises a layer of 
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inorganic fiber membrane. 

3. The composite sandwich panel of claim 2, wherein said layer of inorganic fiber membrane has a layer of 
phenolic prepreg on both sides thereof between said layer of inorganic paper and said honeycomb core 

5 layers. 

4. The composite sandwich panel of claim 2, wherein said first fire barrier membrane further comprises a 
layer of vermiculite film. 

5. The composite sandwich panel of claim 4, wherein said layer of inorganic fiber membrane and said layer 
of vermiculite film have a layer of phenolic prepreg therebetween. 

6. The composite sandwich panel of claim 4, wherein said layer of vermiculite film comprises 30-1 00% ver- 
miculite and 0-60% carrier, said carrier having low flammability. 

15 7. The composite sandwich panel of claim 1 , wherein said first fire barrier membrane comprises a layer of 
vermiculite film. 

8. The composite sandwich panel of claim 7, wherein said layer of vermiculite film comprises 30-1 00% ver- 
miculite and 0-60% carrier, said carrier having low flammability. 

20 

9. The composite sandwich panel of claim 7, wherein said layer of vermiculite film has a layer of phenolic 
prepreg on both sides thereof between said layer of inorganic fiber membrane and said honeycomb core 
layers. 

25 1 0. The composite sandwich panel of claim 1 , wherein at least one of said second and third fire barrier mem- 
branes comprises a layer of vermiculite film. 

11. The composite sandwich panel of claim 1, wherein at least one of said second and third fire barrier mem- 
branes comprises a layer of inorganic paper. 

30 12. The composite sandwich panel of claim 11 , wherein both of said second and third fire barrier membranes 
comprise a layer of inorganic paper. 

13. The composite sandwich panel of claim 11, wherein said at least one of said second and third fire barrier 
membranes further comprises a layer of vermiculite film. 

35 

14. The composite sandwich panel of claim 1 , wherein said second fire barrier membrane comprises a layer 
of vermiculite film, said first fire barrier membrane comprises a layer of inorganic paper and said third 
fire barrier membrane comprises a layer of vermiculite film. 

40 15. The composite sandwich panel of claim 14, wherein each said fire barrier membrane has a layer of phe- 
nolic prepreg thereon on each side thereof facing a said honeycomb core layer. 

1 6. The composite sandwich panel of claim 1 4, where in both of said honeycomb core layers have an 1 28 kg/m 3 
(8 lbs/ft 3 ) density and a thickness of 12.7 mm (1/2"). 

45 17. The composite sandwich panel of claim 1, wherein said honeycomb core layers comprise honeycomb 
cores that are 6.4 mm-25.4 mm (0.25"-1.00") thick and of a density of 64, 96, 128, 160 or 192 kg/m 3 (4, 
6, 8, 10 or 12 lbs/ft 3 ). 

18. The composite sandwich panel of claim 1, wherein at least one of said fire barrier membranes comprises 
50 a glass fabric faced silica or quartz fiber stitched fabric assembly layer. 

19. The composite sandwich panel of claim 1, wherein at least one of said honeycomb core layers comprises 
a honeycomb core that has been crushed to 1/2 to 1/4 of its original thickness. 

55 20. The composite sandwich panel of claim 1, wherein said composite sandwich panel has the properties of 
no burn-through after 15 minutes of subjection to a 1 093°C (2000°F) front side flame impingement at 120 
kW/m 2 (1 0.5 btu/ft 2 sec) heat flux density, with a 43°C (110°F) average off-surface temperature 305 mm 
(12") off of the backside of said panel. 
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21. A composite panel structure, comprising: 
first and second honeycomb core layers; and 

means for preventing said composite panel structure from being burned-through, and a backside off-sur- 
face temperature 305 mm off of the backside from going substantially above 43°C, after 15 minutes of 
impinging the front side with a 1 093°C flame at 120 kW/m 2 heat flux density, said means including a center 
septum disposed between said first and second honeycomb core layers and facing skins on sides of said 
honeycomb core layers opposite said center septum defining the front and back sides. 

22. The composite panel structure of claim 21, wherein said center septum and said facing skins are fire bar- 
rier membranes. 

23. The composite panel structure of claim 22, wherein said center septum comprises an inorganic fiber mem- 
brane. 

24. The composite panel structure of claim 23, wherein said facing skins comprise vermiculite films. 

25. The composite panel structure of claim 24, wherein said center septum and said facing skins each further 
comprise a phenolin prepreg layer. 

26. The composite panel structure of claim 25, wherei n said honeycomb core layers are made of a nylon paper 
honeycomb having a coating that is 80-96% sodium silicate, 1-4% vermiculite HTS and 2-15% H 2 0 base 



EP 0 624 462 A1 





10 



EP 0 624 462 A1 



EUROPEAN SEARCH REPORT 



DERED TO BE RELEVANT 



D,Y 



EP-A-0 501 271 (HERCULES INCORPORATED) 

the whole document * 

i-A-5 106 668 (TURNER ET AL.) 

1,9-13,18; figures 1,2 * 

3 967 (HEINZ B. MADER) 

1, line 24 - column 3, line 15; 
4,6,7; figures^, 3 * 

42 289 (METZELER SCHAUM GMBH) 

* column 1, line 44 - column 2, line 63; 

EP-A-0 050 448 (WESTINGH0USE ELECTRIC 
CORPORATION) 

" cUlns 1,2,5-7,9,10; figures " 



cl"Is""l, 



3,11,12, 
14 



B32B19/06 
E04B1/94 



B32B 
E04B 



